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INTRODUCTION  AND  LITERATURE  REVIEW 


Changes  occur  in  the  chemical,  physical,  and  biological 
properties  of  soils  into  which  organic  materials  have  been  incor- 
porated (l).  One  biological  change  is  that  certain  populations 
of  plant  pathogens  tend  to  increase  in  numbers.  The  fungus  that 
causes  black  root  rot  of  tobacco  increased  greatly  on  resistant  i' 
plants  vjhen  the  plants  were  first  treated  with  aqueous  extracts 
of  decomposing  green  material  from  rye  and  timothy  (27).  This 
conditioning  of  the  tobacco  plants  vias  attributed  to  toxic  sub- 
stances liberated  or  synthesized  or  both  during  tlie  decomposition 
of  organic  material  (26,  29). 

Ariother  biological  change  that  occurs  when  organic  materials 
are  incorporated  into  the  soil  is  that  populations  of  certain  other 
plant  pathogens  tend  to  decrease  in  numbers  (25,  37).  Linford 
£t  al  . (19)  reported  reduction  of  a population  of  a root-knot 
nematode,  Meloidogyne  sp.,  during  decomposition  of  chopped  pine- 
apple, sugarcane,  and  a coarse  grass.  They  attributed  this 
reduction  to  the  build-up  of  predacious  fungi.  The  occurrences, 
mechanisms,  and  roles  in  control  of  nematodes  by  predacious  or 
parasitic  fungi  have  been  investigated  and  discussed  by  numerous 
au r hors  (5,6,7,8,9,13,20,21, 22,32) . 

Seme  'workers  reported  a build-up  of  predacious  nematodes  in 
amended  soils  and  suggested  that  these  organisms  were  important  in 
the  control  of  plant  parasirlc  nematodes  (19,23).  Predacious 
nematodes  occur  in  the  families  Mononchidae,  Tripylidae,  Diplogas- 
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teridae  and  Aphel ench I dae , and  the  superf am i 1 es  Doryla imoidea 
and  Herm i tho i dea  (13).  The  rearing  and  inoculating  of  predacious 
nematodes  into  soil  infested  with  plant  parasitic  nematodes  v^as 
proposed  and  initial  experiments  using  Hononchus  papi 1 latus  8ast ian 
carried  out  by  Cobb  (^-i)  and  Steiner  and  Heinly  (3^).  Only  under 
laboratory  conditions  did  they  demonstrate  the  effectiveness  of 
Id.  papi  1 latus  in  controlling  root-knot  nematodes. 

Other  workers  believe  that  organic  materials  added  to  the 
soil  may  be  toxic  to  plant  parasitic  nematodes.  Ellenby  (10,11) 
found  that  extracts  of  certain  members  of  the  plant  family 
Cruciferae  and  mustard  oil  (allyl  isothiocyanate)  were  toxic  to 
Heterode.a  rostoch i ens  1 s V/o  1 1 enwcber . Renninger  et  al  . (30)  reported 
that  hydrogenated  fish  oil,  vjhen  sprayed  over  infested  soil,  reduced 
numbers  of  Radophol us  s i m i 1 Is  (Cobb)  Thorne.  They  hypothesized  that 
control  was  due  to  an  interference  of  the  respiration  and  oxidation 
processes  in  the  nematodes,  thus  suffocating  them.  Other  organic 
materials  that  have  been  reported  to  reduce  populations  of  plant 
pai'asitic  nematodes  include  alfalfa  hay,  oat  straw,  lespedeza  hay, 
flax  (l6),  caster  pomace  (18),  sav/dust  (33),  raspberry  canes  and 
roots  (36),  and  soybean  meal  and  oil  (38). 

Biodegradation  of  organic  materials  and/or  biosynthesis  of 
degraded  products  result  in  nematicidal  compounds  that  are  active 
in  soils  (r/,28,31).  Sayre  et  al^,  (3I)  obtained  and  identified 
a nematicidal  compound,  butyric  acid,  from  decomposing  rye  and 
timothy  plant  residues.  They  also  suggested  that  other  low  molec- 
ular weiglit  carbox/lic  acids,  such  as  formic,  acetic,  and  propionic, 
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might  also  be  produced  during  decomposition  and  be  nematicidal. 

Taylor  and  Murant  (36)  found  that  the  polyphenols  hyd roqu i none , 
catechol,  and  resorcinol  are  nematicidal.  They  suggested  that 
these  polyphenols  might  come  from  the  tannin  fraction  of  decomposing 
plant  materials. 

Another  theory  is  that  the  organic  materials  in  the  soil  may 
so  alter  the  chemical  equilibrium  in  the  soil  that  numbers  of  plant 
parasitic  nematodes  are  reduced.  Johnson  (lb)  reported  that,  in 
amended  soils,  numbers  of  a root-knot  nematode  species  were  reduced 
at  temperatures  from  5°  to  30°  C in  soils  of  low  and  inedium  moisture 
levels  and  at  pH  between  h.G  and  5.5.  Mankau  (2h)  suggested  that 
control  of  nematodes  in  amended  soils  was  due  to  factors  such  as 
alteration  in  available  soil  oxygen  and  nitrogen,  and  in  the  pH. 

Stolzy  6 1 a 1 . (35)  found  that  nematodes  could  survive  at  a level 
of  2%  oxygen.  Eno  et  a 1 . (12)  observed  nematode  reduction  in  soils 
containing  I3O  ppm  of  ammonlacal  nitrogen;  the  largest  reduction 
occurred  in  soil  containing  3^5  ppm  of  ammoniacal  nitrogen.  Wallace 
(39)  reported  an  optimum  level  of  ]0%  carbon  dioxide  for  nematodes. 

The  reduction  of  numbers  of  plant  parasitic  nematodes  by  the 
addition  of  organic  amendments  to  the  soil  is  well  documented  in  the 
literature.  The  purpose  of  this  research  was  to  investigate  quanti- 
tatively some  of  the  factors  that  might  be  responsible  for  this 
reduction.  Factors  studied  were  populations  of  nematodes,  relative 
numbers  or  fungi  and  bacteria,  levels  of  nitrogen  and  carbon  dioxide, 
ammeniurn  acetate  extractable  Ca,  K,  Mg,  and  P,  and  nematicidal  chemicals 
produced  by  the  b iodegradat  ion  of  the  oi-ganic  amendments. 


MATERIALS  AND  METHODS 


Predacious  nematode  experiment.  - Thirty  clay  pots  of  a lO-cm 
size  viere  filled  with  Arredondo  fine  sand  and  autoclaved  for  forty 
minutes  at  18  psi.  After  three  days,  the  pots  were  planted  to  sweet 
corn,  Zea  mays  L.,  'Silver  Queen'.  Ten  pots  v;ere  inoculated  with 
fifty  hand-picked  specimens  of  the  sting  nematode,  Belonolaimus 
long icaudatus  Rau;  ten  pots  were  inoculated  with  fifty  hand-picked 
specimens  of  1 ong i cauda tus  plus  fifty  hand-picked  specimens  of 
Mononchoides  sp.  (undescribed);  and  ten  pots  were  not  inoculated 
with  nematodes.  All  pots  v;ere  kept  in  a growth  room  held  at  a 
temperature  of  22*^  C with  a photoperiod  of  tv/elve  liours.  Each  pot 
or  soil  was  watered  as  needed.  Plant  heights  (cm)  and  green  weights 
(g)  of  shoots  and  roots  v-;ers  recorded  after  eight  weeks.  Dry  weights 
of  shoots  and  roots  were  determined  after  drying  at  bCo  C for  forty- 
eight  hours.  The  soil  in  each  pot  v/as  mixed  thoroughly  and  a 100-ml 
sample  vias  processed  by  the  sugar  f 1 ota t ion-cen t r i f ugat  ion  method  (3) 
and  numbers  of  1 ong icaudatus  and  Mononcho ides  sp,  determined  for 
eacli  pot  of  soil. 

Soil  amendment  experiments.  - An  Arredondo  fine  sand  was 
selected  which  was  infested  v,'ith  the  plant  parasitic  nematodes  B. 

1 ong  ! cauda  tus  , Hop  1 ol  a imus  gaieatus  (Cobb)  Tliorne,  and  Cricone- 
moides  ornatus  Raski.  Pdiabditid,  d 1 p 1 oga ster i d , cephaloHid,  and 
dorylaimid  t/pes  of  nematodes  were  also  present. 


Amendments  added 
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were  alfalfa  meal,  cottonseed  meal,  or  rice  straw  at  rates  equiva- 
lent to  0,  9,  and  18  H.T./ha  (O,  h,  and  8 short  tons  per  acre). 

For  each  replicate  the  appropriate  amount  of  the  amendment  (O,  80, 
or  160  g),  10  g of  CaCO^,  3 g of  fertilizer  (lO-lO-lO),  and  20  kg 
of  soil  were  placed  in  a concrete  mixer  and  the  mixer  operated  for 
two  minutes.  The  mixture  then  was  placed  in  redwood  flats  (43  x 
25  X 17  cm).  Each  treatment  was  replicated  six  times, but  only  five 
were  sampled;  the  sixth  flat  was  used  to  replace  soil  removed  from 
the  test  flats  when  sampling.  Ten  seeds  of  common  bean,  Phaseolus 
vulgaris  L. , 'Contender'  were  planted  in  each  flat.  The  seeds  in 
the  flats  amended  with  cottonseed  meal  germinated  poorly  or  not 
at  all,  and  these  flats  were  replanted  seven  weeks  after  the  initia- 
tion of  the  experiment.  Three  completely  randomized  experiments 
were  conducted;  alfalfa  meal  was  used  in  each  of  the  three  experi- 
ments and  cottonseed  meal  and  rice  straw  were  used  in  only  one  of 
the  experiments. 

The  following  data  V'^ere  recorded  weekly:  numbers  of  plant 

parasitic  and  other  nematodes;  relative  numbers  of  fungi  and  bacteria 
obtained  by  plate  counts  made  on  rose-bengal  and  soil-extract  agar, 
respectively  (2);  soil  pH;  nitrates  by  the  pheno 1 d i su 1 f on i c acid 
method;  and  ammonium  acetate  extractable  Ca,  K,  Mg,  and  P (14).  In 
addition  bean  seed  germination,  plant  heights,  and  green  weights  of 
bean  pods  v^ere  recorded.  Laboratory  experiments  were  conducted  with 
the  aniended  soils  to  obtain  data  on  carbon  dioxide-carbon  evolution 
by  using  MaOH  in  a closed  system  as  the  absorber  of  evolved  carbon 
dioxide.  Data  were  statistically  analyzed  using  an  analysis  of 
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variance  with  'F'  test. 

Extraction  experiment.  - Nine  tvra-quart  plastic  freezer  bags 
were  filled  vntli  300  g of  Arrendondo  fine  sand.  Alfalfa  or  cotton- 
seed meal  at  rates  equivalent  to  18  M.T./ha  (2.4  g)  were  added  to 
each  of  three  bags  and  mixed  thoroughly.  Nothing  was  added  to  the 
other  three  bags.  All  nine  bags  were  placed  in  an  incubator  at  25° 

C and  water  added  to  each  when  needed  to  keep  the  soil  moist.  Also, 
the  soil  was  stirred  to  keep  it  aerated.  After  seven,  fourteen,  and 
twenty-one  days,  three  bags,  one  each  containing  alfalfa  meal  and 
cottonseed  meal  and  one  control,  were  removed  from  the  Incubator  and 
each  placed  in  a 1,000-ml  beaker  vjith  300  ml  of  a v^eak  aqueous  solu- 
tion of  NaOH  at  pH  11  and  mixed  for  1.5  hours  witli  a cone-driven 
stirrer.  The  solution  was  readjusted  to  pH  11  vm  t!i  0.5  N NaOII  and 
mixed  another  1.5  hours.  The  supernatant  was  centrifuged  for 
fifteen  minutes  at  2,500  rpm,  then  filtered  through  V/hatman's  §\ 
filter  paper  in  a Buchner  funnel.  The  solution  then  v;as  acidified 
slowly  to  a pH  4.5  v^ith  0.5  N HC 1 , placed  in  a separatory  funnel 
and  200  ml  of  anhydrous  ether  added.  The  solution  v;as  shaken  vigor- 
ously and  allowed  to  ‘-'epa  rate,  vy  i th  both  fractions  being  collected. 
Tlie  water  fraction  was  again  v/ashed  with  200  ml  of  ether.  The  two 
ether  fractions  were  combined  and  the  ether  was  evaporated  under  a 
partial  vacuum.  The  residue  was  taken-up  in  5 m1  of  water  and  this 
was  used  in  the  bioassays. 

The  bioassays  were  conducted  with  active  specimens  of  B.  longi- 


caudatus . Ten  specimens  v/cre  placed  in  a BP!  watch  glass  containing 
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1 ml  of  ttia  extracts  from  either  the  alfalfa  meal,  cottonseed  meal, 
unamended  control,  or  distilled  water.  Each  of  the  four  treatments 
v/as  replicated  three  times.  Motility  data  were  taken  at  the  beginning 
and  end  of  each  test  which  varied  from  twenty-four  to  thirty  hours 
in  duration.  Motility  was  determined  by  applying  tactile  stimulation 
with  a dental  pulp  canal  file  while  observing  the  specimen  with  a 
dissecting  microscope. 


r<ESULTS 


Predacious  nematode  experiment.  - An  average  of  specimens 
of  Belonola  imus  ] ong  i caudatus  per  pot  v;ere  recovered  from  those  pots 
inoculated  with  fifty  specimens  of  this  species  only.  An  average 
of  207  specimens  of  3.  1 ong i caudatus  and  seventy-four  specimens  of 
Mononcholdes  so.  were  recovered  from  pots  inoculated  with  fifty 
specimens  of  each  organism  (Table  1).  Howex/er,  populations  of  each 
nematode  varied  greatly  between  individual  pots  in  both  treatments. 

Average  dry  v;elghts  of  the  shoots  of  corn  plants  were  highest 
in  the  control  and  lowest  where  B.  1 ong icaudatus  was  used  alone 
(Table  1).  Average  dry  weights  of  tlie  roots  were  higliest  where 
both  nematodes  v;ere  used  together  and  lowest  where  long i caudatus 
v/as  used  alone.  Much  variation  v'as  noted  between  dry  weights  of  corn 
plants  in  individual  treatments. 

Sm 1 amendment  experiments.  - Population  levels  of  1 eng i - 
caudatus  were  reduced  by  the  9 and  18  M.T./ha  rates  of  the  amend- 
ments for  at  least  seven  weeks.  In  the  alfalfa  meal- amended  soils, 
populations  of  B.  i eng i caudatus  in  the  controls  were  noted  to  increase 
during  the  fourth  '.seek  and  to  reach  naxlmum  numbers  during  tlie  seventh 
week  (Table  2).  Populations  in  the  9 M.T./ha  treatment  started  to 
increase  during  the  seventh  week  and  obtained  a maximum  number  by 
the  eleventh  week.  Populations  in  the  l3  M.  T./ha  treatment  started 
to  increase  in  the  eleventh  week.  Bean  plants  were  producing  fruit 
by  the  seventh  week  and  continued  to  do  so  tlirougli  the  twelfth  week 
when  the  exper  iiiicn t was  stopped. 
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Table  1.  Average  plant  heights  and  weights  and  recovery  of  Delonola imus 
1 ong i caudatus  and  Mononcho  ides  sp.  nematodes  eight  weeks  after 
Inoculation  into  soil  planted  to  corn  Zea  mays  'Silver  Queen'. 


1 nocu 1 urn 

Height 
of  plants 

cm 

Dry  wt . 
Shoots 

g 

of  plants 
Roots 

g 

Numbers  of  nematodes 
B.  longi-  Honon- 

caudatus  choides  sp. 

Numbers/ pot 

Un i nocu 1 ated 

hh 

1 . 66 

0.81 

1 

0 

50  B.  long!" 
caudatus 

56 

1.15 

0.73 

140 

2 

50  B.  longi- 
caudatus 
50  Honon- 
choides  sp. 

33 

1 .hh 

o.git 

207 

74 

Table  2.  Numbers  of  Belonolaimus  long icaudatus  as  Influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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In  the  cottonseed  meal-amended  so i 1,  popu 1 a t ions  of  the  sting 
nematode  were  almost  undetectable  tiii'oughout  the  experiment  at  both 
the  9 and  18  M.T./ha  rates  (Table  2).  Populations  in  the  control 
were  significantly  higher  than  in  the  treatments  from  the  sixth 
week  through  the  twelfth  week.  As  stated  above,  the  seeds  planted 
at  the  initiation  of  the  test  failed  to  germinate  and  the  flats 
were  reseeded  after  seven  weeks.  These  seeds  germinated  consider- 
ably better  (Table  12)  and  plant  growth  was  good  (Tables  13  ^nd  l^-l), 
yet  suppression  of  the  sting  nematode  populations  was  evident  through 
the  sixteenth  week. 

In  the  rice  straw-amended  soils,  sting  nematode  populations 
began  to  increase  in  the  twelfth  week  (Table  2).  The  number  of 
nematodes  in  the  control  was  significantly  higher  than  the  numbers 
in  the  9 and  18  M.T./ha  treatments  from  the  sixth  through  the  eleventh 
weeks.  By  the  twelfth  v\/eek  the  population  of  nematodes  had  increased 
greatly  in  the  18  M.T./ha  rate  while  the  population  in  the  9 M.T./ha 
rate  remained  at  a low  level.  There  v;ere  mature  plants  in  all  flats 
by  the  seventh  week  of  the  experiment. 

Populations  of  Hoplolaimus  galeatus  declined  in  all  treatments 
(Table  3).  in  the  alfalfa  meal  treatments,  numbers  were  significantly 
less  than  in  the  controls  in  the  second  and  third  weeks.  In  the 
cottonseed  meal  treatments,  numbers  were  significantly  less  than  in 
the  controls  from  the  third  through  the  twelfth  v;eek.  In  the  rice 
straw  treatments,  numbers  were  significantly  less  than  in  the  con- 
trols only  from  the  second  through  the  fourth  week. 

Populations  of  C r i conemo i des  ornaturn  declined  in  all  treatments 
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(Table  h) . Numbers  in  the  controls  initially  declined  at  a slower 
rate  than  in  the  amended  soils  but  no  continuous  significant  differ- 
ences occurred. 

Number  of  rhabditid  nematodes  in  soil  amended  with  alfalfa 
meal  increased  significantly  over  the  controls  after  the  first  week 
(Table  5).  In  the  9 M.T./ha  rate,  numbers  reached  a peak  in  the 
third  week  and  declined  sharply  in  the  fourth  week,  in  the  18  M.T./ha 
rate,  numbers  reached  a peak  in  the  second  week  and  declined  sharply 
in  the  fifth  week  but  remained  significantly  Iiigher  than  the  control 
through  the  seventh  week.  Rhabiditids  in  the  cotton  seed  meal  treat- 
ment reached  maximum  population  levels  in  the  second  week.  In  the 
9 M.T./ha  rate,  numbers  declined  by  tlie  sixth  v;cek  to  levels  insigni- 
ficant from  the  control.  The  18  M.T./ha  rate  remained  significantly 
different  from  the  control  through  the  eleventh  week.  Rhabditids  in 
the  rice  straw  treatments  reached  maximum  population  levels  in  the 
third  and  fourth  weeks.  However,  these  maximum  levels  were  far  below 
those  of  the  other  treatments.  In  both  the  9 and  18  M.T./ha  rate 
treatments,  numbers  declined  sharply  the  week  after  maximum  numbers 
were  reached. 

The  d I plogaster id  nematodes  in  the  alfalfa  meal-amended  soils 
increased  significantly  to  maximum  population  levels  in  the  second 
week,  then  decreased  rapidly  thereafter  (Table  6).  Populations  in 
the  cottonseed  meal-amended  soil  increased  significantly  in  the  first 
week  and  by  the  second  week  decreased  to  almost  undetectable  levels. 
Populations  of  d i p 1 ogas ter i ds  in  the  soils  amended  with  rice  straw 
were  almost  undetectable  after  the  pretreatment  counts. 


Nurabers  of  Cr iconemoides  ornatum  as  influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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Different  letters  In  a column,  within  each  group  of  3 values,  differ  significantly  at  the  5%  leve 
probabi 1 i ty. 


Table  5.  Numbers  of  rhabditids  as  influenced  by  organic  amendments  in  Arredondo 
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Table  6.  Numbers  of  d i pi ogas ter  ids  as  influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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The  numbers  of  cephalobid  nematodes  in  the  alfalfa  meal 
amended  soils  were  not  significantly  different  from  the  control 
until  the  seventh  week  at  which  time  they  were  lower  in  number 
(Table  7).  By  the  eighth  week,  numbers  in  the  amended  soils  were 
higher  than  in  the  control  and  this  trend  held  generally  during 
the  remainder  of  the  experiment,  although  the  differences  were  not 
always  significant.  Populations  in  the  cottonseed  meal-amended  soil 
remained  very  low  through  the  f i rs t *fou rteen  v;eeks,  then  increased 
sharply  in  the  fifteenth  week.  Populations  of  cephalobids  in  the 
rice  straw-amended  soils  v;ere  low  through  the  first  ten  weeks,  v/ith 
a significant  increase  occurring  in  the  eleventh  week  in  the  9 M.T./ha 
rate. 

The  dorylaimid  nematodes  in  the  alfalfa  meal-amended  soils 
decreased  and  remained  at  very  low  numbers  throughout  the  experiment. 
Those  in  the  control  increased  in  the  sixth  week  and,  v;ith  the  exception 
of  the  eighth  week,  remained  significantly  higher  than  in  the  treat- 
ments through  the  twelfth  week  (Table  8).  Populations  in  the  cotton- 
seed meal-amended  soils  behaved  very  similar  to  those  in  alfalfa 
amended  soils.  Dorylalmids  in  the  rice  straw-amended  soils  decreased 
in  the  first  v;eek  and  remained  at  low  insignificant  levels  throughout 
the  remainder  of  the  experiment  except  for  the  ninth  and  eleventh  weeks. 

Very  lov/  and  erratically  occurring  populations  of  aphelenchoid 
nematodes  were  present  (Appendix  Table  5). 

The  relative  numbers  of  fungi  were  significantly  higher  in  the 
alfalfa  meal-amended  soils  than  in  the  control  throughout  the  experi- 


Table  7.  Numbers  of  cephalobids  as  influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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Table  8.  Numbers  of  dory  1 a im i ds  as  influenced  by  organic  amendments  In  Arredondo  fine  sand. 
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merit,  except  for  tlie  tenth  week  (Table  9).  Relative  numbers  in  the 
cottonseed  meal- amended  soils  v/ere  significantly  different  than  in 
the  control  the  first  vieek  and  from  the  fourth  v;eek  to  the  eleventh 
week.  In  the  9 M.T./ha  rate,  relative  numbers  were  higher  than  in 
the  control,  but  in  the  18  M.T./ha  rate  relative  numbers  were  lov/er 
in  several  cases  than  in  the  control  (Table  9).  Relative  numbers 
of  fungi  in  the  9 and  18  M.T./ha  rates  of  rice  straw  were  signifi- 
cantly higher  than  the  control  from  the  third  week  through  the  eighth 
week.  Relative  numbers  in  the  18  M.T./ha  rate  were  also  significantly 
higher  in  the  tenth  and  eleventh  weeks  but  not  in  the  ninth  v;eek. 

The  relative  numbers  of  bacteria  vjere  significantly  higher  in 
alfalfa  rnea  1- amended  soils  at  the  18  M.T./ha  rate  than  in  the  con- 
trols throughout  the  experiments  except  in  the  ninth  v;eek  (Table  lO). 
In  the  9 M.T./ha  rate,  relative  numbers  usually  were  not  signifi- 
cantly different  from  the  controls.  The  relative  numbers  in  the 
cottonseed  meal" amended  soils  were  significantly  higher  than  in  the 
controls  throughout  the  experiments  except  in  the  second,  third,  and 
eleventh  weeks  at  the  9 M.T./ha  rate,  and  the  third  week  at  the  18 
M.T./ha  rate.  The  relative  numbers  of  bacteria  in  soil  amended  with 
rice  strav/  were  significantly  higher  than  in  the  control  from  the 
third  to  the  fifth  week  at  the  18  M.T./ha  rate  and  in  the  fifth  week 
at  the  9 M.T./ha  rate. 

Total  carbon  dioxide  evolution  in  soil  amended  with  alfalfa 
meal  was  significantly  different  from  the  controls  (Fig.  1).  The 
highest  production  w'as  in  the  18  M.T./ha  rate  with  a total  production 
of  235  mg  per  100  g of  soil  in  37  days  as  compared  to  1/  mg  in  the 


Table  9.  Relative  numbers  of  fungi  as  influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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Table  10,  Relative  numbers  of  bacteria  as  influenced  by  organic  amendments  in  Arredondo  fine  sand. 
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^Different  letters  means  significance  at  the  5Z  level  of  probability. 
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control.  Production  was  intermediate  at  tlie  S M.T./ha  rate. 

Nitrate  accumulation  in  the  18  M.T./ha  rate  of  alfalfa  meal 
remained  significantly  higher  than  the  control  from  the  third  through 
the  tv/elfth  week  and  in  the  3 M.T./ha  rate  from  the  third  through 
the  fifth  week  (Table  11).  The  highest  nitrate  accumulation  was 
recorded  in  the  18  M.T./ha  rate  of  alfalfa  meal  with  a high  of  43 
ppm  in  the  fifth  week  as  compared  with  a high  of  6 ppm  in  the  fourth 
week  in  the  control.  Accumulation  was  intermediate  in  the  9 M.T./ha 
rate  at  29  ppm  in  the  fourth  week.  Nitrate  accumulation  in  soil 
amended  with  cottonseed  meal  at  18  M.T./lia  v^as  significantly  higher 
than  in  the  controls  from  the  fifth  through  the  twelfth  week  with  the 
exception  of  the  tenth  VJeek.  In  the  9 M.T./ha  rate,  accumulation  was 
significantly  higher  than  in  the  control  in  the  third  vyeek  and  from 
the  fifth  through  the  twelfth  weeks.  Levels  of  nitrates  v/ere  very 
lovj  in  the  rice  straw-amended  soils.  Such  a wide  C:N  ratio  existed 
that  the  nitrogen  was  immobilized  by  the  third  week,  thereby  causing 
plants  to  suffer  a nitrogen  deficiency.  Nitrogen  deficiency  did  not 
occur  in  the  plants  grown  in  soils  amended  v-^ith  alfalfa  meal  and 
cottonseed  meal. 

No  consistent  differences  in  pH  and  amounts  of  ammonium  acetate 
extractable  Ca,  K,  Mg,  and  P were  observed  between  treatments  In  the 
experiments  (Appendix  Tables  6,7,8,9>  and  lO). 

Germination  of  seed  of  Phaseolus  vulgaris  was  inhibited  in  soils 
amended  v;ith  alfalfa  meal  and  cottonseed  meal  (Table  12).  By  the  fifth 
week,  all  plants  in  the  cottonseed  meal-amended  soil  were  dead.  The 


Table  11.  Nitrates  In  Arredondo  fine  sand  amended  with  organic  materials. 
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Table  12.  Average  per  cent  of  germination  of  Phaseolus  vulgaris  in 
amended  soils. 


T reatments 

Germ  I na  t i on 

9 M.T./ha  18 

M.T./ha 

Alfalfa  meal 

8 it 

84 

Rice  straw 

100 

92 

Cottonseed  meal 
(1st.  planting) 

50 

4 

-'Cottonseed  meal 
(2nd,  planting) 

90 

60 

Control 

96 

"'Replanted  in  the  7th  week  of  the  experiment  after  all  plants  in  the 
soil  amended  with  cottonseed  meal  at  18  M.T./ha  died. 
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soil  was  replanted  in  the  seventh  week;  more  seeds  germinated  and 
the  plants  survived. 

The  greatest  average  maximum  height  of  bean  plants  v;as  43.5 
cm  and  occurred  in  the  9 M.T./ha  rate  of  cottonseed  meal  three  weeks 
after  replanting  (Table  13).  The  least  average  maximum  height  v/as 

21.9  cm  and  occurred  in  the  18  M.T./ha  rate  of  cottonseed  meal. 
Inhibition  of  plant  growth  v;as  still  present  in  the  18  M.T./ha  rate 
of  cottonseed  meal  eleven  weeks  after  initiation  of  the  experiment. 

The  total  green  weights  of  bean  pods  produced  by  the  plants  in 
the  9 M.T./ha  rate  or  alfalfa  meal  was  the  highest  at  511.6  g (Table 
14).  The  lowest  weights  occurred  in  the  rice  straw  with  50.2  g and 

31.9  g for  the  9 and  18  M.T,/ha  rates,  respectively,  with  v/eights 
produced  in  cottonseed  mea  1-arnended  soils  intermediate. 

Txtraction  experiment  - At  the  end  of  seven  days  of  incubation, 
extracts  from  both  the  alfalfa  meal  and  cottonseed  meal  reduced 
motility  of  specimens  of  B.  1 ong i cauda tus  to  63^  and  50^,  respectively. 
At  the  end  of  fourteen  days  of  incubation,  specimens  were  reduced 
to  23^  motility  in  the  alfalfa  meal  and  20^  in  the  cottonseed  meal 
and  at  the  end  of  twenty-one  days  of  incubation  to  6/^  for  alfalfa 
meal  and  40^  for  cottonseed  meal  (Table  15). 
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Table  13.  Average  maximum  plant  heights  of  Phaseolus  vulgaris  in 
the  greenhouse  experiments. 


Treatments  Plant  heights 

9 M.T./ha'  18  H.T./ha 

cm  cm 


Alfalfa  meal 

37.5 

33.8 

Rice  straw 

31.8 

30.1 

*Cottonseed  meal 

43.5 

21.9 

Contro 1 

42.5 

*The  heights  recorded  in  the  alfalfa  meal,  rice  straw,  and  control 
treatments  were  taken  eleven  weeks  after  planting.  The  heights 
recorded  in  the  cottonseed  meal  treatment  v;ere  taken  three  weeks 
after  planting. 
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Table  Total  green  weight  of  bean  pods  produced  on  plants  of 


Phaseolus  vu 

Igaris  in  amended 

soils. 

T reatments 

Green  weight 
9 M.T./ha  ~W  M.T./ha 

g g 

A1 fa  1 fa  mea  1 

51 1.6 

29^.3 

Rice  straw 

50.2 

31.9 

-''Cottonseed  meal 

306.9 

126. i*  ' 

Control 

329.1 

^Growth  period  of  plants  in  the  cottonseed  meal  treatments  vjere 
two  weeks  shorter  than  the  other  treatments. 
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Table  15.  Motility  of  Bel  onola  i nnius  long  i caudatus  as  influenced  by 
extracts  from  organic  amended  Arredondo  fine  sand. 


7 days l4  days 21  days 

Per  Cent  Mot i 1 i ty  of  Specimens 


Alfalfa  meal 


18  M.T./ha 

63 

23 

67 

Cottonseed  meal 
18  M.T./ha 

50 

20 

^tO 

None 

80 

87 

100 

Distilled 

water 

100 

97 

100 

SUMMARY  AND  CONCLUSIONS 


Predacious  nematode  experiment.  - The  results  of  this  experi- 
ment indicate  that  the  species  of  Mononchoides  used  provides  little, 
if  any,  biological  control  of  _B.  1 ong i caudatus . No  explanation  can 
be  given  as  to  why  roots  and  shoots  of  corn  plants  weighed  more,  and 
why  more  long icaudatus  and  Mononchoides  sp.  occurred  when  they  vjere 

ti 

used  together  than  where  equal  numbers  of  1 ong i cauda tus  was  used 
alone. 

Soil  amendment  experiments.  - A reduction  in  numbers  of  plant 
parasitic  nematodes  occurred  in  the  amended  soils.  All  amendments 
at  both  the  9 and  18  M.T./ha  rates  reduced  population  levels  of  B. 
long i caudatus  for  at  least  seven  weeks.  Phaseolus  vulgaris  did  not 
appear  to  be  a good  host  for  either  H_.  ga  1 eatus  or  £.  ornaturn  since 
populations  declined  in  all  treatments.  However,  numbers  of  specimens 
of  H.  galeatus  in  the  controls  declined  at  a significantly  slower 
rate  than  in  the  ti'eatments  of  the  cottonseed  meal. 

The  large  and  rapid  build-up  of  rhabditid  and  d i pi ogas ter i d 
nematodes  is  an  illustration  of  populations  of  nematodes  increasing 
when  their  food  sources  increase. 

The  build-up  of  cephalobids  appeared  to  be  independent  of  the 
organic  amendments  presenting  a reverse  population  trend  than  the 
other  "saprophagous"  nematodes. 

The  dorylaimid  and  aphelenchoid  nematode  populations  did  not 
increase  in  the  amended  soils.  Thus  no  evidence  v/as  obtained  to 
indicate  that  they  were  factors  in  the  reduction  of  population 
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levels  of  the  plant  parasitic  nematodes. 

The  relative  numbers  of  fungi  and  bacteria  were  significantly 
higher  in  the  amended  soils  than  in  the  controls  with  a few  excep- 
tions. Large  increases  and  fluctuations  in  numbers  of  zymogenous 
organisms,  which  occurred,  are  to  be  expected  when  a biodegradable 
organic  material  is  added  to  the  soil  (1).  At  no  time  were  predacious 
or  parasitic  forms  observed  in  association  with  the  thousands  of 
nematodes  counted.  Thus  no  evidence  was  obtained  to  indicate  that 
predacious  or  parasitic  fungi  or  parasitic  bacteria  were  factors  in 
the  reduction  of  population  levels  of  the  plant  parasitic  nematodes. 

The  carbon  dioxide  evolution  and  nitrate  accumulation  reflects 
the  biocegradabi 1 i ty  and  C;N  ratio  of  the  organic  amendments.  The 
h ighes t ' tota 1 of  235  mg  of  carbon  dioxide  per  100  g of  soil  was 
probably  far  below  lethal  concentrations.  Also,  the  highest  nitrate 
accumulation  of  k3  ppm  is  far  below  the  inhibitory  level  of  13*3  ppm 
reported  by  Eno  et  al . (12).  Therefore,  carbon  dioxide  evolution 
and  nitrate  accumulation  apparently  were  not  related  to  plant  para- 
sitic nematode  reduction. 

T!ie  inhibition  of  seed  germination  and  retardation  of  seedling 
growth  of  P.  vulgari s in  cottonseed  meal  and  alfalfa  mea 1 -amended 
soils  were  similar  to  those  noted  by  Patrick  et  a 1 . (29).  They 
attributed  this  reduction  in  plant  development  to  phytotoxic  pro- 
perties formed  by  the  decomposition  of  plant  residues. 

Extraction  experiment.  - Crude  extracts  from  both  alfalfa  meal 
and  cottonseed  meal-amended  soils  reduced  motility  of  specimens  of 
B.  longicaudatus.  The  greatest  reduction  in  motility  occurred  in 


“ 33 


the  second  week  of  incubation.  The  products  responsible  for  the 
decrease  in  motility  could  be  the  same  or  similar  to  those  carboxylic 
acids  characterized  by  Sayre  et  a 1 . (31)  and/or  those  polyphenols 
characterized  by  Taylor  and  Murant  (3^)  because  the  procedures  used 
v/ould  have  extracted  both  groups  of  compounds.  The  existence  of 
these  compounds  in  the  soil  could  have  accounted  for  the  reduction 
of  populations  of  plant  parasitic  nematodes  observed  in  the  amend- 
ment experiments. 

None  of  the  factors  measured,  e.  g.,  fungi,  nematodes,  etc,', 
could  be  linked  to  reduction  in  numbers  of  plant  parasitic  nematodes. 
Extracts  from  amended  soils  did  affect  Belonolaimus  long icaudatus, 
and  I conclude,  therefore,  that  the  products  of  the  decomposing  organic 
amendments  were  directly  nematicidal  and  these  products  were,  in  part, 
responsible  for  reduction  in  numbers  of  plant  parasitic  nematodes. 


APPENDIX 


Explanation  of  Tables 

Tables  1,  2,  3,  and  h contain  the  nematode  data  obtained  v;ith 
lower  rates  of  alfalfa  meal  that  V'/ere  used  in  the  initial  amendment 
experiment. 

Table  5 contains  the  data  on  numbers  of  aphelenchoid  nematodes 
in  the  amendment  experiments. 

Tables  6,  7,  8,  9,  and  10  contain  the  pH  data  and  available 
nutrient  data  obtained  in  the  amendment  experiments. 

Tables  11  and  12  contain  the  nematode  data  and  relative  numbers 
of  bacteria  and  fungi  data  that  were  obtained  at  the  same  time  the 
carbon  dioxide  data  were  obtained  in  the  laboratory  experiments. 
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Table  5.  Numbers  of  aphelenchoid  nematodes  as  influenced  by  organic  amendments  in  Arredondo 
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Table  6.  Reaction  of  Arredondo  fine  sand  amended  with  organic  materials. 
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Table  7.  Ammonium  acetate  (pH  A. 8)  extractable  Ca  in  Arredondo  fine  sand  amended  with  organic 
mater ia 1 s . 
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Table  8.  Amnon i um  acetate  (pH  4.8)  extractable  Mg  in  Arredondo  fine  sand  amended  v;ith  organic 


Table  9.  Ammonium  acetate  (pH  4.8)  extractable  K In  Arredondo  fine  sand  amended  with  organic 
materials. 
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Table  10.  Ammonium  acetate  (pH.4.8)  extractable  P in  Arredondo  fine  sand  amended  with  organic  materials. 
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Table  11.  Numbers  of  C r i conemo i des  ornatum,  Hoplolaimus  galeatus,  and  rhabditid  nematodes  as 
influenced  by  alfalfa  meal  in  Arredondo  fine  sand  (laboratory  study). 
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Table  12.  Relative  numbers  of  bacteria  and  relative  numbers  of  fungi  as  influenced  by  alfalfa 
meal  in  Arredondo  fine  sand  (laboratory  study). 
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